In particular, it is not clear how mature dog red cells control their volume, since they are almost in ionic equilibrium with plasma (1). Although they are quite permeable to sodium, 'it has not been possible to sh'ow that they are capable of pumping out this ion (7, 2 1). This report examines the effects of extracellular adenine nucleotides on dog red cell ion permeability.
It is known that the volume of mitochondria is strikingly influenced by adenine nucleotides applied to their outer surface (13). Platelets respond to external ADP by changing shape and possibly volume (2, 24) . Ascites tumor cells were found to undergo striking changes in permeability when bathed in a medium containing ATP (6, 26) . The recent finding of ATP in the plasma of certain vascular beds (5) suggests that this nucleotide is available to cell surfaces in vivo. The present results, which are quite similar to the findings in ascites tumor cells (6, 26) , provide some insights into the determinants of anion and cation movements in dog red cells, but they leave the question of volume control unresolved. consisted of 150 NaCl and 5 glycylglycine. All solutions were adjusted to pH 7.5 and readjusted to this pH after addition of other reagents. All incubations were in stoppered, plastic flasks under air in a 37 C water-bath shaker oscillating at 100 cycles/ min over a traverse of 1 inch. Unless otherwise noted, all cell suspensions had a hematocrit of 5-l 0 vol %. The methods for cell water, Na, K, and chloride using 1251-labeled albumin as marker for trapped plasma have been published elsewhere (20). Cells were always washed 4 times by suspension and centrifugation in 10 volumes of wash solution prior to these determinations.
MATERIALS AND METHODS

Nucleotides
The efflux of 24Na+ and 42K* was measured by preincubating whole blood for l-2 hr with isotope (20-30 &ml) at 37 C. The cells were then washed 4 times in standard wash solution at 4 C to free them of external radioactivity. Aliquots of labeled, packed cells (0.3 ml) were then pipetted into 30-ml volumes of isotope-free solutions which had been prewarmed to 37 C. At intervals thereafter, portions of the cell suspension were centrifuged, and the radioactivity of the supernatant was determined (Auto-Gamma spectrometer, Packard Instruments Co., La Grange, Ill.) A lysate of the suspension was then prepared by adding a drop of detergent (Acationox, Biological Research, Inc., Evanston, Ill.) , and the radioactivity of this was compared to that of the supernatants.
A correction for hemolysis was not necessary since in the isotope studies reported, less than 1 % of hemoglobin was released during the incubation period. The results are expressed in terms of the percentage of total counts released into the supernatant in a given time interval : counts/min per ml supernatant ( time2 -timeI) counts/min per ml hemolysate * x 100 = per cent counts released
The reasons for this simplistic treatment of the data will be discussed. The simultaneous efflux of 35S04--and 24Na+ was measured in much the same way except for the following details: preincubation, wash, and efflux measurements were all done in standard NaCl buffer to which 1 mM nonradioactive Na&O4 was added (30). The labeling preincubation was done at 37 C for 1 hr at a hematocrit of 50 vol % with 4-5 &ml Na35S04, added in addition to 24NaCl as noted previously.
Washing was carried out at 4 C. An estimate of the viscosity of packed cells was obtained as follows: cell suspensions were centrifuged at 15,000 X g for 5 min, the supernatant was removed, and the cells were drawn into a 0.5-ml glass blood pipette (Microchemical Specialties Co., Berkeley, Calif.) with a minimum bore of 1 mm. The pipette was then connected to a Harvard infusion pump via a plastic tube which had a standard aneroid blood pressure cuff manometer attached via a sidearm. The infusion pump was run at a speed of 1.9 1 ml/min, and the maximum pressure required to expel the cells from the pipette was recorded.
Filterability of packed cells through Schleicher and Schuell no. 589 filter paper was determined exactly as described by Teitel (28) . Th e results are expressed as the half-time for the passage of 2 ml of cell suspension (hematocrit 90 vol %) through the paper.
RESULTS Table 1 gives base-line data for the ion and water content of freshly drawn dog red cells. To facilitate presentation of net gains and losses, the values are expressed in units per kilogram dry cell solids. Figure 1 shows the rate at which dog red cells suspended in standard NaCl buffer gain Na, Cl, and water when exposed to 0.5 mM ATP. The results are plotted so as to emphasize the point that the Na and Cl concentration of the fluid gained by the cells is substantially the same as that of the incubation medium. Potassium movements in this experiment amounted to less than 5 mEq/kg cell solids and are not shown. Figure 2 presents data regarding the reversibility of the ATP effect. Washing the cells free of ATP at 10 and 60 min results in a decrease in the rapid rate of cell swelling. On no occasion did the washed cells tend to extrude the fluid they had gained in the presence of ATP. as well as sodium movements.
When cells are suspended in potassium buffer containing ATP, they become loaded with potassium and sodium moves outward.
Less than 1 % hemolysis occurs (4). The K-loaded cells are then washed and reincubated in a sodium buffer in the presence and absence of ATP. With no ATP in the second incubation, the cation composition of the cells remains relatively stable, but in the presence of ATP the cells return to their high-Na, low-K state. This experiment also shows that ATP affects the movements of cations in both directions across the membrane.
Some of the effects of ATP were studied by measuring the movements of radioactive ions. Quantitative interpretation of isotopic flux data in dog red cells is difficult because of heterogeneity among cells in the compartmentalization and permeance of sodium and potassium (12). Furthermore, dog red cells respond to small changes in volume with large changes in cation permeability (7, 21). Since they always tend to swell slowly in vitro, the problems of compartmental analysis are compounded. Accordingly, the results of isotopic flux studies in this report will be simply -_ ^ ----.
qualitative information thus gained will serve to illustrate some of the characteristics of the ATP effect. Figure  4 (left-hand panel) shows the time courses of release of radioactivity from Na24-and K42-loaded dog red cells in the presence and absence of 0.5 mM ATP. In subsequent tables the outflux of radioactivity will be given over a time interval beginning at 2 min and ending at 20 or 30 min Mowing the suspension of labeled cells in flux medium at 37 C. The right-hand panel of Fig. 4 shows that the rate of release of both Na24 and K42 increases with increasing concentrations of ATP, reaching a maximum at about 0.5 mM. This relationship was shown to be independent of the proportion of red blood cells in the suspension over a range from 0.5 to 10 vol %. Figure 5 shows the results of studies in which the effluxes of 24Na+ and 35S04--were measured simultaneously in the presence and absence of 1 mM ATP. It is clear that the large increase in Na efflux induced by the nucleotide is not accompanied by a change in the rate of transfer of sulfate.
Table 2 provides evidence that the agent responsible for the effect is in fact ATP and not some contaminant or metabolite thereof. Pretreatment of the incubation medium with hexokinase plus glucose prevents the ATP-induced increase in sodium and potassium flux. Table 3 shows that both calcium and magnesium ions inhibit the effect of ATP. EDTA, which by itself has no effect on the ATP response, is capable of reversing the inhibition caused by the divalent cations. enough ATP remains at the end of 3 hr (>0.5 mM) to exert a maximum effect on permeability change (Fig. 4) . The possibility that AMP made in the presence of divalent cation might inhibit the ATP effect is ruled out by the observation that with EDTA present, AMP added at the beginning of the experiment does not affect the rapid cell swelling.
In an attempt to assess whether ATP is bound to dog ments it was noted that cells exposed to the nucleotide become viscous and difficult to pipette after packing in a centrifuge.
This change is quantitated in Table  6 '. The ability of packed cells to pass through a filter is also reduced in the presence of ATP, although the experiments with hypotonic medium indicate that this is not due to an increase in cell volume. ATP could not be shown to induce a change in cell shape as observed by light microscopy.
Ouabain had no influence on the ATP effect. I  65  >300  14  30  2  45  > 300  IO  24  3  40  >300  15  42  15  4  36  93  22  5  19  33  18  11 Fresh cells were washed and incubated for 5 min at 37 C prior to study. Standard NaCl buffer (1 mM EDTA) was used, with the addition of 1 mM ATP or ADP as noted. Hypo refers to a modification of the standard buffer in which the NaCl concentration was reduced to 80 mM.
red cells, an aliquot of standard NaCl buffer containing 1 mM ATP and 2 mM EDTA was incubated 6 times for 10 min at 37 C with consecutive lots of fresh cells. No measurable decrease in ATP content of the medium was noted.
In addition to its effect on cation permeability, external ATP influences metabolism in dog red cells. sense thai -the -rapid swelling (Fig. 2) and the downhill movements of cations (Fig. 3) %duced by ATP ceased when the cells were washed free of the nucleotide.
The cells did not return to their normal volume, however, following exposure to ATP.
The abolition of the ATP response by calcium or magnesium would appear to relate to the chelating property of the nucleotide rather than to any effect of the divalent ions on the membrane.
The data in Table 3 There is evidence that Na+ and K+ move through the dog red cell membrane via separate routes. This conclusion has been derived from studies of experimentally induced volume changes showing large and disparate responses in the permeance of the two ions: shrunken cells are leaky to Na but tight to K, while swollen cells show just the reverse changes (7, 2 1). In no instance, however, have in vitro conditions been found in which mature dog red cells can exposed to ATP ( (pores) which under normal conditions are lined with posi-brane Permeability
